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SUMMKRY

Resultsarepresentedofan experimentalinvestigationconductedin
theLangleyhigh-speed7- by 10-foottunnelof thedamping-in-rollchar-
acteristicsofa seriesofwingplanformsatanglesofattackup to 13°
andMachnumbersto 0.91. Includedalsoisthespanwiseloaddistribution
obtainedon oneofthesewingswhilerolling.

Theresultsindicatethata largelossindsmphgoccursat succes-
sivelyloweranglesofattackas theMachnumberis increased.Forswept
wingswhicharesubjecttopitch-uptendencies,lossofdampingoccursat
abouttheangleofattackforpitch-upandthosedeviceswhichalleviate
pitch-uparesimilarlyeffectivein tiprovingthedsmping.A procedure
isgivenwherebya satisfactoryestimateofthespanwiseloaddistribu-
tioncanbemadeM themeasuredpresmre-distributiondatainpitchare
avaUlable.

INTRODUCTION

A considerableamountof efforthasbeenexpendedinthepaston
experimentalinvestigationsofthedamping-in-rollcharacteristicsof
variouswingplanforms.Theseinvestigationshavebeenlargelyconfined
to thevariationwithangleofattackat lowMachnumbers(forexample,
refs.1 to 7) or thevariationwithMachnumberat lowanglesofattack
(refs.8to 20). An indicationof therangeof thesedataispresented
infigure1.

Recentlyan investigationhasbeenconductedintheLangleyhigh-
speed7- by 10-foottunnelof thecharacteristicsinrollof several
Whlgs. Resultsforanangle-of-attackrangefromO0 to 13° wereobtained
atMachnumbersup to 0.91. Foroneofthewings,pressmedistributions
weremeasuredduringroll. Sincesomeof theresultsobtainedinthe
investigationareregardedasbeingverysignificant,thepresentpaper
waspreparedinorderto summarizesomeof themoreimportantfindings.
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COEFFICIENTSANDSIXBULS

Thecoefficientsandsymbolsusedaredefinedas follows.

liftcoefficient,perpendiculartorelativewind,Lift/qS

pitching-momentcoefficient,Pitchingmoment/qS5

rolling.momentcoefficient,aboutan axisparalleltothe
relativewind, Rollingmoment/qSb

aspectratio

wingarea,sqft (2.25sqft forallmodels)

wingspan,ft

localwingchord,ft

wingmeanaerodynamicchord,ft.

wingaveragechord,ft

dynamicpressure,$+, lb/sqft

free-streamvelocity,ft/sec

airdensity,slug/cuft

Machnumber

angleofattack,deg

sweepangle,deg

.-

.

—

—

. —.
wing-tiphelixangle,radians

rollingvelocity,radians/see

localsectionnormal-forcecoefficient

spanwisedistancefromplaneof symmetry,ft
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MODELSANDTESTS
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Themodelstestedincludedanunsweptwing,twosweptwings,and
onetriangularwingeachincanbinationwitha cmmnonfuselage.The
principalgeometriccharacteristicsof thewingsaregivenintableI.
Ordinatesofthefuselagearepresentedinreference21. Themodels
weretestedontheLangleyhigh-speed7-by 10-foottunnelforced-
rotationapparatus(ref.22). TheReynoldsnumberrangecoveredforeach
ofthewingsispresentedintableI.

A pressure-switchassemblyandeightelectricalpressuregageswere
installedinthefuselageto transmitthepressure-distributiondatafrom
therollingwing. Theelectricalsignalsfromthepressuregageswere
takenthroughtheslipringsandbrushesof theforced-rollappsratus.
Becauseofthelimitednumberof sliprings,itwasnecessaryto usea
gangof specialpressureswitchesgearedtogetherto connectthepressure
orificesinthewingto theelectricalgagesinsucessivegroups.The
pressuredatawererecordedona multiple-chsmnelrecordinggalvanometers.

CORRECTIONS

Theangleofattackofthemodelhasbeencorrectedforthedeflec-
tionofthesupportsystemunderloadandfortheeffectsofboundary-
inducedupwashby themethodofreference23. Theblockingcorrections
whichwereappliedto thedynamicpressureandMachnumberweredetermined
by themethodofreference24.

DISWSSION

MeasuredDampingCharacteristics

Thedsrnping-in-rollcharacteristicsof the45° sweptwing(fig.2)
indicatethata seriouslossofdampingoccursat successively10W=
anglesofattackas theMachnmber is increased.At thelowerMachnum-
bers(thedatafor M = 0.2 wereobtainedfromref.25),thelossin
dsmpingdoesnotoccuruntilaftertheangleofattackformsxlmumlift
hasbeenconsiderablyexceeded.At thehigherMachnumbersthelossin
dampingoccursat anglesofattackbelowthemaximumlift.

Figure3 showsresultsforseveralwingsofvsriousplanformsat a
Wch nmber of 0.85. As canbe seen,theresultsindicatepoordsmping
forallthewingsinaboutthesameangle-of-attackrange.Notealso
thatforthesweptplanformsmaximumlifthasnotbeenreachedwhenthis
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lossindampingoccurs.Aswouldbe expected,however,.thelossin
dampingfortheunsweptwingoccursatanangleofattackslightlyabove
thatforthepeakintheliftcurve.

Intheregionof instabilityorverylowdamping,thevariationof
rollingmomentwithrollingvelocitywasfoundtobe rathererratic,and
it isdifficulttodeterminewhattheeffectivevalue ofthedamping
coefficientshouldbe undersuchconditions.Sometypicalvariationsof
rolling-maentcoefficientCl withwing-tiphelixangle pb/2V are
showninfigure4. At zeroangleofattackthevariationisquitelinear
anda stableslopeisshownforallwings.Thesefavorablecharacter-
istics,however,aremaintainedonlyup toanangleofattackof6° or 8°.

At an angleofattackof 11°theunswept-wingdati_exhibita pro-
nouncedhysteresis.Thedatapointsforthecurvewere_takeninthe
directionshownby thearrows.It shouldbe remembered,of course,that
theangleofattackof11°forthiswingisabovethestallat theMach
numberselected.Fortheotherwingshowevermaximumliftisobtained
at anangleofattackconsiderablyabove11O.

—

The32.6° sweptwingshowsa definiteinstabilityovera widerange
ofrollingvelocities.Ofthewingstested,thisplanformshowedthe
mostinstabili~andtheinstabilitycoveredthelargestrangesofl%ch
numberandangleofattack. —

Thek~”sweptwingshowsa verylargereductionin..demping,butno
hysteresis,at an angleofattackof 11°anda Machnumberof 0.85.As
wasshowninfigure2,a slightinstabilitywasobtainedat a Wch number
of 0.91. Thisinstabilityoccurredonlyat smallvaluesof pb/2V.

●✎

—
.

— .—

.

.—
.

—

The600triangularwingshowsa smallregionof’hysteresiswitha
stableslopeatthehigherrollingvelocities.Thesenonlinearities
throughzeroandthehysteresisloopsmaynotbe tootroublesomewith
regardto controllabilitywherelargerollingvelocitiesarereached;
however,theymaycauseundesirabledynamicstabilitycharacteristics.
Thehysteresisloopwouldalsocomplicatethedesignofanyautomatic
stabilizingequipnentplannedforsuchanairplane.Itmightalsobe
expectedthattheinstabilitiesshownmaybearsomerelationtothewing-
droppingproblemundermaneuveringconditions. .

Effectof “Fixes”

Sincea lossindampinginrollisknowntobe stro@y associated
withtipstalling- whichalsocausespitch-up_forsome_wingplanforms-
testsweremadetodeterminewhetherdeviceswhichareknowntoalleviate .
pitch-upwouldalsoimprovethedsmpinginroll. Oneswchdevice,a
leading-edgenotchof0.02b/2widthand0.08cdepth,locatedat 0.60b/2

kco~~~a

-J.
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* wastriedon the600triangularwingandtheresultsareshowninfigure5.
Thisdeviceeffectivelyeliminatedboththepitch-upandthedsmping-in-
rollinstabilitywithinthetestMachnumberrange(M= 0.7to 0.91).

.
Theeffectoffenceson the45°sweptwingisshowninfigure6.

Thefencesextendedthelengthofthechordandwerelocatedat the
0.65b/2station.As canbe seen,at a lkchnumberof0.85thefences
delayedthepitch-upby some5°andmateriallytiprovedthedamping.How-
everat a Wch numberof 0.91theeffectivenessof thefenceson either
thedampingor thepitch-updecreasedconsiderably.

Span-LoadDistributionsinRoll

Inan efforttobetterunderstandtheforcesanddistributionof
forcescontributingto thedsmpinginroll,pressure-distributionmeasure-
mentsduringrollwereobtainedonthe45°sweptbackwing. Theresultsat
a Wch numberof 0.85andat anglesofattackof0°and13°areshownin
figure7. Comparisonsof themeasuredandestimatedvaluesof thespan-

● wiseloadcoefficientduetorollwe givenintheupperpartofthefig-
urefor a = OO. A similarcomparisonbutappliedonlytotheincrement
duetorollfor a = 13° isgiveninthelowerpartofthefigure.In

. bothcasestheagreementbetweenmeasuredandestimatedresultsisquite
good. Theestimationinvolveduseofmeasuredpressuredistributionsin
pitch,whichcanbe obtainedby a relativelysimpletechniqueandfor
whichconsiderablepublisheddataareavailable(refs.26and27). The
measurementofpressuredistributionsduringrolling,on theotherhand,
requirestheuseof complexequipment.Numerouspossibilitiesforerrors
or leakageexistand,atbest,theprecisionoftheresultingdatais
onlyfatr.

Theprocedureformakingtheestimationis illustratedinfigure8.
Thelocalsectionnormal-forcecurvesarepresentedforspanwisestations
of40,80,and~ percentsemispan.Theincrementofangleofattackdue
torollat anyspanwisestationisgivenby

where K, thecorrectionfactorwhichtakesintoaccountthedifference
inaero@mmic inductionfortheangle-of-attackandrollingconditions,
wasderivedfromreference28andisgivenby theexpression

~ 2’==

&

4+ 16+=
COS2A
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Thevariationofthevalue of K withtaperratio,
spanwisevariationof K, hasbeeninvestigatedby using
symmetricalandantisymmetricalloadingdatacmnputedby
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aswellas the t
unpublished —
the15-point —

methodofWeissinger‘(ref.29). Theeffectsoftaper&d thespanwise w

variationof K werefoundtobe smallanditthereforeappearsthat
theequationgivenherecanbe usedforallplanforms.

-.

Theangleofattackforthewingat zerorollingvelocityandfor
theupgoinganddowngoingwingpanelsat a rollingvelocityequivalent
to pb

w= 0.06 areindicatedinfigure8. Theincrementof spanwiseload

coefficientduetorollingismerelythedifferenceinsectionnormal-
forcecoefficient(multipliedby theappropriatechordratio)between

pbtheangleofattackfor — = O and * =
—

0.06,as indicatedinfigure8.
2V 2V

As isshowninfigure7 thisprocedureyieldsresultsthatsrein
goodagreementatbothlowandhighanglesofattack,Becauseofthe
difficultiesof obtainingpressuresinroll,it isfel$_thatan estimation._-L.

-

procedureofthetypeoutlinedmaybe themorepracticalapproachinmost 9
instances.

.-

.-

.

CONCLUDINGREMARKS

An investigationofthedsmping-in-rollcharacteristicsOffOUrWhgS
atMachnumbersup to 0.91andatanglesofattackup to13°indicatesthat
a seriouslossindampinggenerallyoccursat successivelyloweranglesof
attackas themch numberisincreased.Forsweptwingswhichsresubject
topitch-uptendencies,lossofdampinginrollnormallyoccursatabout
theangleofattackforpitch-upandthosedeviceswhichalleviatepitch-
up aresimilarlyeffectiveiniinprovingthe@ropinginroll.

—
Also,the

incrementofspanloaddistributionduetorollcanbe satisfactorily
estimatedifmeasuredpressure-distributiondatainpitchareavailable.

LangleyAeronauticalLaboratory,
NationalAdvisoryCormnitteeforAeronautics,

Mn@eyField,Vs.,June25J1953.
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TABLEI.-GEOME!I!RICCHKRAC!T!ERISTICSOF THEMODELSINVESTIGATED

?
Sweep Aspect Taper Airfoil Reynoldsnumber

angle,deg ratio ratio section basedon 5

3.6at c/4 4 0.6 65A006 1.8 X 106to3.0X 106

32.6at c/4 4 0.6 65Ao06 1.8X106 to3.OX”1O6

45at c/4 4 0.6 65Aoti 1.8X 106to3.ox106

60atL.E. 2.31 0 65ACQ3 3.lxlo6t0 5.2x106

T

,

.,

.
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